Tbis ■: a:rx is primarily issicerriss pith 

syra ; aa:aaa, a is- or reiatlaa to at thaa ash apparatus for 
aa a x ^ v v ' St -5 a - N „ \ ; , . a - 0 \ ,aa~ ,\ , \ , ^ b 
;:..rc;:.ic: :as: -aarar probaialii tasr in big : : . t-;U arsnatiiss iar 

a - ^ •> \ , <• - x x •■ •> - % ~xa - PCX 

.;:s«a:-erfitcr:;: , K&vjevs; r s this indention a as also be applied 
for pakiaa sahapiar p« as •:•:>: span as an * psaory ar storsae 
devxao, 

it s " •> •> - a . 

signal is cans trained to oae of a rat at aosaibla states, 
basse rsates pieha ba dist:a'aai.i.saoa by bit: ierasoes it 
pais- aapiitada s positron, or width, or by differences 
is v. ^ > a 

sanxba art soar at tors? a i toasa . What ail treat :aethoda 

> o,\ ~ - s - x oO , v \ - ! ax ; f a sx at * ^ ax > ' 1 

stages?. The escaisaar at tha ays tap is. order to oaoode 
tbe a.assal< has ro r-coa: :, re- each vaaa.. vca state correct- 
ly. Tabs; is a aba aaa:a dibxiaait by a cotibeaatioa of 
<b:.t errata, at tiara the aaaasshaaeron path and noire added 
to ata sigasi . Tea salsa , t aeaeraaeh - rt" a variety 
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frets other trsessdssion aystesnn, l ! his pertxncbs the 
perceived valco; of the receive signal fross its ideal voice , 
The receiver thus; has to dseids which of the allowed set or 
5 traoss-ittes states vy ;? arose likely to have boon s a! t. is 
the perturbation is is roe ancnnjh the vrosi« docisi.cn is credo 
and an error or errors ere then incorporated is the receiver' 
digital cot per Co} , 

Jo any traivsso asioe ay at oca the tranaolited clonal 
10 is ncxhitied by the characteristics of the transmission channa 
as? it: propagates through it, whan the infosamtioe contort of 
the signal is io die it si torso chancel irapaissisnts will 
sppeer as is tor- symbol .Lster lereaee (ISI) . The;: is f the 

O v s O , x v x ^ OO ^ 0 - ^ S 

Is flood to thst period when received, bat hoe beeoae see « rec- 
over several periods. Modest levels of is J -nay only ceo coo 
the seise ovasgio of the received beads enlist larger levels 
can ssake the signal cocci eielv nnresdabls aithoot aqasli- 
oatioo. Perfect ecsalisati.ee consist a of oasei.no the. sec- 

20 wV o 1 t-o ^ v sOs^ - , , ^ s s 0 o the 

Saves so of the che.anei > s> Perfection, however, is neither 
stceopted nor is it desirable. Whet, is e receptee is to 

s x x v 0 x ^ ,\ the 

sosanhtac instants. 



bar praseobXy accepted sashed ot ;:*:a:;:\;::'i;K the 
holeraeae of digital, transmission systeres to no roe , .La to 
add a known anaa;.nt oi raise of oho basirea epaetral density 
an a srrel. ;.tode probability a x :\ rr.lbe ;: :: on ho the eiyrnrl.. 01; in; 
is aeoally elrher the normal XI na signal or a pat nam srbeh 
stetisttos rhat: approalaatoa the ror.a::a: a .ben a b. With, aha 
neaae nddod nh;: .•: nea.heer or v. nx; •: is; jnen 1 torad and. any errors: 
oornred. repeating ;: a }. a for a ran a a or cai f reroar noise 
paw an;. siiooe a riot of error arobabrirty versos the naiaa 
v- ; : r ar versus abe a oynab-n.o-netee rat :.o ::e be d r ■;•: wr- . 

Trie n;araoo oas severe i oissdvaotagee . Firstly > 
to eeraeste noisr or tea repaired spear aal an :: :;; :■ - y rod 
amplitude eharaarer .ist ioa in not trivial, Secondly,, bo 
ra rev r a the roo error rates produced at sypraal oyster; 
street-- te-seaiae ratiar tears an inordinately lean tiraa. rye 
peri arrnaree is therefore usually enroled ar aaab higher 
lerela; or raise ana the results aatrapol elad , The large 
nana- powers cm car red have the paranoial as diesnrbtog the 
;; yirOnr;; being tested nadirs" the resoles saseeet - 

la a rarer ::: be. OS op a :'. tar hustraXtsn :.ro a 
Office Kessarea Laborataa: ier entitled "b Prototype Pr.lo.ary 
bevel rCM day wrrrarar rates; no lb bovor Tester" by lb ab Saaele 
ami :b,J. bailor ami eared boarober lb la, roare is da ee loses 
bha prorasape of a test soda: ear aeasariae racial or threshold 
la aal a or a primary level ray reeeaerstor .The unit; is 
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i:o be uaei:ul lor making measureraou of inter- 
symbol .interference (ISld; produced by equalised an las a at 
the deoiaron poini: in the regenerator which is being tasted. 

The appararas disclosed in this report inclade:;: 
5 a manually --programed 16-bit tared generator, and annates for 
varying the height of a pulse at a selectable location in 
a firet north producsd by the generator, of a eeqnonce of 
identical word- (there sag/ he 1. 4, 8 or id nor as • , The 
ear ration of pulse height csn only be ef tooted bp rnaaoal 
1,0 control of the height varying so,, as , The apparatra is 

alao capable of indi eating dot: act.;. on of an error in. a. PCM 

o , o x , , x v , ^ ^ 

sanaed an being of s ealae order than its initial vni.no, 
icocvar, a 16 -hit word, ere- though, repeated aa 

IS , O v , ^O O 

a digital tree srd.se ion system where the ooobiaetioa. of ! ohs 
d N , n^ ^ , n o t - - s 

no o ^ x be 

tested ander norr;al. working coabitiona bat only oncer the 
ao ocad itions imposed by on lag i: he It- bit word generator. 

lode primary degeneration of transmitted interna ■: ioa 
in a digital trananvission ay a tea; Is doe to noire, .end the 
tolerance of the system ie self to noire ia of poramoent 
importance. It is, therefore, oaaeatial no be able to 
2 a xnaasnra the noise anrrgine in a aye teas are to cosnalle boon 



these ae:iaairsasare the aoise ;aaraia dista:ibatiaa ss the 
sparer, j; ; y ;: <; y^y p? by talstsgrasa oae:p;i letter . 

The apparatus referred to is the above report, 
coaid eat: be aaar rpr sPbXiag sasseareaaaats of aoise \ a 
s this meaner beaauss i • ataaPares a 16-bit word aeaesstor 
^ - - N t o o v t . \ a 

oast tax t of this t a pari , there is; ao sagaaaiion to ase 
a ranger seas seas thaa ■>> a it a baaaese the probj.erp: to 
- " v N aa i ;e , r a.g >\p > p v y S ^- 0 i; 

ip seqaeaea of a;ora thaa 16 bias.. 

s of 

saaatorias aeisa sera Are .ha a digital traasseteaioa systaai 

, o ^ ^ o , ^ - 
t:ha areas at {a} providiag e pulse of a epeciftad xasaie 
15 aad at least oaa aariaseter of which can be varied, aithia 
a saqaaaaa a I: pulses, (a? varying said at leas-; are para- 
■eeter at sax a palse until aaa.a pulse ahea vsrisa ss 
saeh that it era be setaated ay a datecter eareait af 
aaa syaaaaa, sad (a; estabi iaaiaa that said deieetor 

20 atresia bar. datecres sard palaa ahea rat tad, prisr to 
aay error oarraciroa aaaraai by ia-bailt correction 
rear:; of aha s varan . 

be.iet.:Lra ta ahrs prior era it ie at ah par;, af 
this e a ilea ta :ia:;?:;vs the pr area iary lv descrthea 

21 ^ a o v. .. , 

varied, evsr a large aaaber of palse aasitioar (typical la 
saury stars thaa 16? so that the variable parse tap a a 
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essoined in the erebaeonment of different sequences of 
preceding and succeeding poises, 

This technical problem ia soiree according to 
this? invention with a method as describee above in thai 
said sequence of palace is generated to he substantially 

" * V I , N X 

mission path of the system and in that the method further 
comprises the steps of {&) rapasiino steps, bb ,. {p> and 
;c) for a piaraiity of said prices at diffaxant positions, 
eseh po:?.se baina of the same scats as as id onlae and each 
in a respective sequence, and ;a) accumulating Use calces 

<>f ^ s s 

dov.iati.one froo a standard emlue for eeoh said poles of 
eaid plurality of sold polices to determine the probability 
diatribntion of eaid dev.! at tone 

The term "noise margin* whore ossd herein in 
ralsiion to a poise oes.se the variations eO: at least one 
parameter (eg, amplitude; of oast pa. Is a from s normal 
aalue of chat at leant one percenter so idiot sect onlae 
is detected by a detector of the inner sat scion systee as 
being i.e. a state union is di.fforert from lie norma:! scats , 

The term "poise" is need herein to inolnde an 
interval dor log which the transmission aye tot: has ta- 
pe ee sod ;: d->- It one afgnai of a predetermined set of 
signals, each signal of the act being diet iron! shed by 
ve riations of at leant one parameter tbereof , for axamoie 
voltage bo/oU deration or timing or vaxiaiaons in phase, 
fragoonoy or amplitude of a oarr iexy or comhinae xens 



na or eo :: during said Interval, 

In ':;;r.rv ;:.:\g cut a snnthod ss set forth 

it is preferred that ssp.g raccrr. led stste 
^ s , O ^ Ox - ^ o v x ^ 

5 (e) e:re repeated for eaeh of said n possible st^:^;, tho 
variation or raid at .bens': one paraaarssr being such ss to 
allow a cosseted state to ha any oae of rase n possible states, 
cod tha method atao eo-np rising the step of i: ash: her claesUv" 
xng the parasreter variations accordion to the detected 
"10 at: or as a a-; said each of said a states prior to the aceesnr" 
intirag step. By repeating step:;; up > ;C , g^n asJ ti y> s;s 
sa rs neoessaryp histograsas of ooi.se s-srgia distribution oar. 
bo ooostroctsd for that ssste of the p.:- loo, a s:sv scnsl : ; ! , 
because a a are primarily ooaearaed, fa a digital tr aaspp. araioo 

If ago tea., ertp a ternary a.: gee. I . which is eoayvssse of ' 0 : s .. 
! a.;p s sod ' ~ 1 : c , 

i.a cerrvxry; oat a a.o shod oa eet forth ;.a either 
oaa or lO- : rsr«sea . preceding paragraphs,, it .1. r 

preferred that the scop or providing said poise coogrises 

20 providing said scarp: car:: c f pulses oca insert lap said noise 
into acid seqeeaoa of seises is place or a poise at a ore- 
osierosned posit io.es. in ears segaeoce or pa lass, It .y :; . 
be), i. a vac to oc sums advartegeous to oaneal a pulse from the 
sagtaenes and shoe so regiaco that seise by a variants poise , 

as rather than to adjust en eristcap paiso by sapor Iropoai eg 
e:aoi:he:ip varsable, pa i as- thereon, 'the .reason for this Is 



a 

that, the latter course can lead to inaaeuraoiss due to 
nueaiignaient of the two pauses 

Ixs carr - jJ - * ^thrad as set forth in tha la at 
pre coding paragraph, it is preferred that: aaid sequence of 
pulse* is produced ay a firs, amplify ixi respor,** to input 
signals from a pnouao randao negaenee generator, aad said 
pulse io predated hy a eeaood amplifier, the two aaoadotf tern 
foeiag oentrolleh In a ^eaox each that said galas replaces 
said pulse of said seoosace at naif prsdate:antred potion. 
Tn * provJ l5ior: of tvo ^hliiera allows the aulas naraoeteay 
e.gu where voltage la baing s:aa«aasd. f tho height at the pulse 

In oarrvi.ag oat a .method a set forth in toy oae 
ox oho elated Pronadiag paragraph,, it is 

prsfarrea that ' aa xoit tax oalue at aaia at leant ana gara^ter 
i* ««* at a laeel oeloated to correspond to a prodieted 
prcbahia dotation threshold valoa hateasan too salacent ata--; 
Thar, nhe hsighc of the pnlea, where voltage it the parameter, 

— - . ^ . 

to a s , N - ^ 

in carrying out a nethad as set earth in the lagt 
preceding paragraph, it in P rsf erred that: data aoaooulated 
fraa atop fa} la used to eaiaat said ieitiai valaa ah eald 



at . t ^ ; ^ oaie\ as 



up-dating aad re™evaIaatioa or para 



thie aUoon continuoun 
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In es say tap out a method as set forth in say era 
; -h : the: preceding paragraphs, step (c) 

s;ay error: res geasrstiag a rafereace aapaanas as passes ax 
so output fssa a as ease rs.odo;- 5 sagasace aeneratar aao ayochroa" 
t oa a .: y acaiparaag this rata.r an cu aa pauses xaith tea aasaaaee ta 
the syatsap ass aafaaaisg aifaoraaoos bats-eea the vse 
sesaances, bhea bo: reused is cars tad cat ta this s : oaaer , 
t a ta pas:;: x ale aa sheeact aa error at. She sas labia palaa 
posx sxea la a rag a sees or at: say other oca it too is the segaeuou, 

10 aIthoup/h tin; tetter is act at iutasesa la aeeaasiaa aaiaa 

aaagins, Heaeser, detection of as error is a position other 
than taa variable parse pesxtisa does eneelo leas as syachaaa- 
iaetioa so ba art aa tad . Aitarnstivaly stop (o) noo? asec 
arise, far a robot seueesee ; ararbaiaa aha tec era ee la the 

la syutea; aa esaabilah that: the oalass within the seauuace cos- 

fasti ta she cads at said cabled seceeaee. If this altetasaise 
aae e:rpioyea.> leas harcsates veala be raaxsirud. 



- ;<■ ' s -xart . < , ^x*- . a- : . e^ „ - a. oo. 

fas aaa is. aeaunariae a a is;: a>asgiaa in a dbsxtal 

10 trsasraissioo spates; oeaprieiag at .ea:s;a. a receiver, taa 



so 

■rising (a) a-ans for proebdiny a sequence 
of pulses (a, defined); lb) re,ans for providing a variable 
False to be iruaertad. at a yaedel a reb.ned position m said 
:;: " qu;uncft o£ r-^«r>; ^ ^ *v:WrK< the variable puiae 

from one P oaiU,on to another vltnln a;ud s « sSsc ^ C f pulses 
rae * ns fOE varying at: least one parkier of aaid verb- 
. able pole-; b- seaans for eraedning the output free, a 
detector of the syatsr, to vhich « a id aequenae ; ; y, cix oj,, 9 
said variable aviso, baa been fed, (f) s , sns to£ determining 
which abate of a nearer of possible ovtyot abates of said 
variable pvisa ie indicated by the ' vales of eeid ovtrah:: of 
said detector, and ctaractarir.ea ie that said aeoo.enee of 
palsos io substantially representative of normal traffic 
to the receiver, oaf ie tbat: iy] ;n eans is provided for 
bartering the value of aaid at least one parameter vbule 
eranb.vi.oy aaid ootpot from oaid do toot or, and oh; aseaee 
la provided for aceaoaelai lag valves of deviations of aaid 
at leant one parameter fxcm a sianeasd valve for eaoh. aaid 
variable poise of a plurality of aaid variable pulaao to 
deterofne the probability die tribal ion of aaid deviations. 

The deveavbning :evnns,ihe aauutoring neuron and 
the aecosn:datiog sennas are provided by date proteasing reaaos 

.sequence, the variation of said at least one parameter aed 
tern accumulation of data. Tin- the apparatus can. be designed 
and the data processing 3 ,eans prograaioed eo that when aaed. 
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lor i;v;:,;;.:: le ; to iesh a. ?CA regenerator, so e.nginoer can 
receive singly a pars or indication rrem the apparatus 

indrcai lop tsat the regenerator xa a;;!: is factory or ana tie- 
factory as the rasa angy bo.. In the aiaeraaiiva , and, perhaar ; 
;aore >. of 

data proeeasiag sssns, appropriately prograrao-d, siloes a 
plotter or a visual display pair to be eagaloyad to roncy .. 
tor eraeapie, aietpgrasss or noise, anergic a atria aiioa in 
evaluating the characteristics or a regenerator,. 

- - ^ * o . ^ a , o^ 
paragraph baa one, it ia preferred thsi said, sneans for 
prov iding said seqoenca of poises nssaprires a f irst a.aa:- .; r ; ; . ; >..r 

\ s x sO ^ N 

in response to aa irgput rro-a a pseoia raados- sequence genera- 
tor . 

In an apparatus ar set. fppth in the last preceding, 
paragraph., it la preferred that sard .rears far providing 
said, osrieole raise caapr.i.ses a seeoad aa-piitior whose oaepnt 
in connected o raid ootpat or said r :! r at amplifier. 

In an apparatus as set forth in any one of the last 
four irsaadieioly preceding paragraphs, it is preferred thai: 
^> e- a i> * v o\ wo v v " s - a \v, s v- s a a re a ,os- a * „ 

oi said aa one nee a.nd said rears for providing raid easrisbia 
pais a is triggered by id eat it y bet: aarea raid snbssgnsnee aad 
a subrogees ce port ion of said ;;.e goes ce . By providing the 



In. aa apparatus; as set forth, i» thm last 
paragraph, it la prsfarred that is provided for .tahlb- 

itang gsosratioa at a salsa sa ssld aao/aaace at E;S io pradata- 
araiaed paa.it ion in sespcanse to Bala identity bataaaan said 
* ° - x - ^ , s a o ox. - ot > 0 , o 

ir » an apparstos as a si: forth, in soap aao of bha 
laat fir a iaa ; odi atol praoad.ing paragraphs bat one, it i, 5 
prsfarred that said rasas for varyi.ag said at least ooa 
parameter of said va-aaabta pulse ooaiprisas a di;;ltsJ-i'f>»:« a- 
ooraasaaaex cansraibxal by data pro as a a fa a aaaans, 

ilaa sy :;a: an? say oosaoaisa a t raaaasit tar vshioh 
sosairisas a sag sans: a generator baaing a.a output, a trtoaor 
aotoator eonaested to seid. oatpat and said far at: ana saooad 
aaa>Iif ions .■ 

Irs «ppsrsb:.vis aaoardiag to the faventj.aa , it. is 
pre.ierrsd that a* id a-eana for aaaiaoring said yatsa of said 
:st ^ * a - . v , , , ov , , v , v ,, 

trisgsr da teat or at least eao.ara.at.ial ly identical to aaia 
seqoanoe ganerator aad said trigger deteotor of said, trans- 
mitter, tor ao-varr:: lag a ra a a reoce say/u a a as, trigger da tea - 
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tioo occurring at substantial! y the ssgis position in said 
refsren:::;; : soepnonoe as occurs in the transmitted sequence, 

In or; spp.;;r.:-:us as sot forth is the tost preoadinu 
parogrsph, it io preferred that sisnns is provided for syavchron™ 
is tag the output: of tho sequence generator of said rorirorxsg 
r^sacs - i !: h the output tress sold transsrisaion systoo undos tost. 

In <•:•> apparatus so net forth in the last prscedins 

0 v x s , 

ing said output froo said digital oranssdssion syaieo under 
to si:. vnlth said rat or anon cognosce. 

In. an apparatus as sat forth in the iast preceding 
paragraph, is is preferred that ocacs ia provided for classi- 
fying- d:- iterances betussn said output: snd so in reference 
oequonco according to position in Ursa corspsred to said oot« 
pot irons so id trigger aeteator or aaid oonitoring t;oaoa, 
Thus, it is possible to deterndssa ii o difference betueeo !: ha 
output and too refarsnes saqoooce io dee k o the veriable ouise 
or to ioso of synchros i a oti on ., 

.apparatus accoraina to the proa ana invention is Croat 
osaioi in too testing of PCM regenerators is PCh trasooaaoioo 

e v - <> o - ^ - , 

tribationo is essential to predictino the performance ei the 
regenerator before it is located io situ. 

Thus, in an apparatus according re the invention, a 
traosxcisoi.cn ilea io prefsrabiy provided to said receiver from 
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Alternatively, the taa^aarisaion path to said 
.receiver Bay comprise free apace, 

pred:u:d;.iara error probability in a digital tra.assiias.ion systess, 
the method ooanrtiaieg (i) daterrdnng probable arise raargia 
diatribution. in the systeap -as necessary ; bp carrying oat 
atepra (a) to (a) of bbe realhod sot forth, la eitaea the lead 
preceding paragraph bat twenty- f oar or i:ba last preceding 

N ^ N - - a o - , 

distaibation relating to that atata, qoant la Pag the devia- 
tions .rata range a of calves; (ill) for each range of values, 
eater-ale leg the error probability, con i:.:r looted to total 
error probability la the ays torn, by all veiaea within an ad 
range; ana Plv • aanaung aha error probftbil.il: lea for each 
range of valves aalthin each diatriration for oaod state. 

'the .raven tire method .,• can bo as ad to predict 

tba error probability in regenerators down to ax treacly lav 
levels . It aanrrares the ay at em vh lie order a oread, (i.e. loo 
:aoiaai operating conditions a.ad aoea not raprare ea expensive 
d im carp- tar- ealihr ate hardware noise scarce, ho access 
ia; required no referral circuit a odea and the re sella a tee 
rears .reaeare or diagnostic ins loot into any ssalfonopi an s , 



Thore now follows a detailed description which la to 
bo read with refereoca to the accompanying draxoiogs of xsachods 
and apparatan according to the present. Invention: it is to be 
oleariy understood that thsse oe i: h oda and apparatus have been 
aelecxoox lor description to illustrate tho .broerrtton by war 
of ox to a la and. not by way o i: iiaxitatioxo 

In the ooooo-oomy inp dr^v/in^'Si^ 

Figure I la a diagtats illustrating so input pxbiss 
and s - ■> v. o v o \ n 

noiae in a triwunsx.seloo line.:, and sxunaaguent aqxualisation ; 

Fiporo i la a aiagrasx .1 Host rating a sequence of 
- - o 0 N 

Figure 3 it a dxagrar; x !; lv;>ttating tho reeooasa 
to a modified pulse of a single pulse and a soooaoce of 
oulaes in a siaspla binary lino systexs; 

v s s o " , v , ^ -> t 
probability da rooty ixxnetiona of xxoiss xaarqin for ! C ! axxd a 
s 1 5 transolttsd state rsspoet ively ; 

Figaro 4(c} la a graph ill rata atony probability 

^ N - <• N o N ^ s N a 

tranar;d.i:t.ad state with, no la a itarpin boo 

Figaro 1 bp la a graph of error pa oh ability for a 
oolaotad xranardax.ad atate ! 0 ! voraaa added paiaa height; 

Figure i op is a graph, of th.o probability dooaxt y 
function of x ah a rent: noire in a Iran sal sx. ion lixso ; 



IS a 

Fiaare 5(a) £.1 las bratas a iaaoary llae signal; 

rig " ro 5(b . ** * 3**1* of t.he probability ol a 
state deaeatad to a receiver of a reaenarator ,er 8S , the 
aaaautaeia of the traaasaltiea palaa; : . 

Figaros S(c5 and S(a) are graphs nitrating 
noise gaa:-grn distribution for ^ aaa a Mh state reaper-- 
; . iaely; 

Figure a Co) shows aciao aargio diatrabatiaa for 
a s ™1 ! state ? 

Figure 6 la a bio ox circa it disgraa, of a.e aaaara- 
fas aacardiae to the proaeat iaveatioa for aoasariaa aoise 
aargias ia a rsaeaerator aader east; 

Fig are ? is a block eireaii diagram of the 
random binary saqaeaaa a ener »t.or at Figaro 63 



Figara a ia a bleak 



it dlagraa -of tha gaai.abla 



halsa generator of Figaro 6. 

Figure S ia a table of calealatos iaterfa 
i.afor.aaa.iaa ; ana 

reuraaea for eaaaailiag tore aelae haeiogaaae aeiag a ahahiett- 
v . i n v 
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As; discus sac shone, & trsnsnrittad aieeehl in a 
gtoso-; transmission systso- is; seihfected by the various charac- 
teristics cf the ::;: aa:;:sit;5,i;>;; line as the sicnal cravcla 
elcro: the .: me . With the inf creation con ten v. of the siqnai 
in digital for-;; {Ficares lbs} nod lid}}, the effect on these 
carinas, eh reacts-: sanies will eppesr as J nt e .;.: •• eyrb-c in r • • 
furnace (l;i:q ss shown in Figures 1(b) and i(e;., the resold 
of v n s i \x ^ N o N t s " on w 

eatend.ac. beyond its origins! palse width to sdhfsoi aabaceni 
poises.. Lev revere of 151 cry only rehceo the noise or?: gin 
of t he received banco whilst higher .levels can render a 
signal completely oarasahibls viihect the eigsal belay oqaab 
iced., leriecr e<ysalisatioo; ; an .eeo timed before, consists 
of parsing she received eigne : through a ncte?os;k whose 
transfer bsnotior in the inverse of that of the obex; eel . 
Perfect eceel ieation is; not dee Jo: able and instead., it in 

N s , " s v v s - t e 

pomi to rsoo at the saaeliog inscanta (rigor ee 1 (c5 end 
J- (£) • , 

bhs general prlnoiplan coo err inc car invention ere 
baaed open the con order at ions set forth shove, h repetitive 
aoqoence of statee is tr scorer: ted ever a digital trs,as;oi scion 
rest or CbbS) ere one state o ; ithio than eecoenoe is cone leered, 
bine is ^ N ^ v. 0 e e - 

reico of that stste varies fro;a the ire el ceceeae of noise 
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la 

and intar-eyoboX interferoace n:SX; „ The nofoe iss a r&?Kk>m 
parferbatior aad varies with ever, repetition of the ^2. 
*hile the isz X, constat, and depends or the ab;Kbxire S t,u, 8 , 
If the dietxibation of receive eaiuee for that .bate could 

error eoald be foonah Thiu aaaeraae kroanlabne of the 
receives daeiaion threshold va^ £i X .e. tbe pater, at 
which tbe reoefeer'a circuit** ehaaagaa: its ci aesif icatior of 
bhe raooieed value fro,, one state to another. Call idle 

are e poaaibla states there will ba n ~l vaianas or rarnoaa of 

"' ' - * ^ ---- - 'o o - s; , ^ v . . , 

eaete befog aetaetea, beiae margin i.a rot neeeasarfiv a 
singly dinners ionef ooantity. For eaaapie, a conhinad 
^ — ^ ^ v ^ , x ^ ^ 

expreaead ea a combined fanotioo of anplitaee ana nbeoa, 
broa the noisa margin, and knaeiadge of the eanlitrda charac- 
teristic* of the noise scare* , the error probability far 
that nieie ana eifh that nolae soorce aannaotad to tha input 

N ^ ^ . a io v a ^ 

the reeearce la known then the error probability for that 

no lea as type of noise* 

Car metnod^eaaareatba noiea nargj.a by a aor-oonteat 



is 

It described below heino applied to a binary lino 
tr so mission system with only two tr;aasnoit staiee. ya ffi 

baa to method, can be extended to systanre with any :no.g ; K £r 
of , , ^ ^ , , 0 , ^ 

~< Consider a sinnyle binary systets; which has two trans- 

- v res- 

pectively (Payere 1}. dhls baa a £.baah. repetitive pattern 
ta an seal t ted tor coop: it. for ex staple, a psendo rood no binary 
sequence (PRB.S ) , boo bio in this saqaence is as looted, po 

10 rseaeore the ooiaa -naroin or this bit in the receiver the 
transnitted value of this- poise is paaiosbad by easinq a 
3 lorn? • to it., id:, is desirable t.o do this with rbninoo 
daatorbsnee to the received vainea of the adjeioing abates 
and to be oe able to ealenlate the at loot, ot the added atonal 

15 et toe receiver's decision point orthoot access t a ihsi ootol , 
The o.ost saleable :•: tonal is one iden.tical in fern to that 
normally i r atonal nteb s bob. of veriabia area! i coda . Tbos the 
added signal aniSeta exactly ibe aaan> ahteooai lone > beiayso 
a. ^ v o - 0,0. \;o - ~o , ; v,o\ol ..no c;, b , v, a at. 

50 tbe hacinien coini still identieal in tort: to a normal sicnal 
however distorted thai, is. Thus 11 11 is 10% of the 0.0.000;! 
signal heipat at. the transmitter , when, la appears at the 
beai aioa point at will be 10% of the ax an a 1 height: at that 
paint, (F -pares 3 b:0 > 3(a) 1 bp ) . 

51 The noise oerolr. tl: the sal act: ad bit cat be ranesnred 



IS 

by adding the variable paisa at progressively larger aupli-. 
tudes to that, bit and checking the receiver output state 

the -----n^ittea calne is g rascally ah if ted grot; era state 
tcanards hha other, At sss value of variable pulse cue 
receiver achll start: detect, tug that hit aa the out or state. 
If there is uo noise in tha systaen the charge ha scene at a 
' v s 1\ v x . o t - , o a s\ 

over a range of auaulitudea of the variable signal. If tha 
probability of receiving that, bit incorrectly in plotted 
against variable pulse solitude, soma isf orrevtlon about tha 
amplitude probability density function and the ata.nl arc 
deviation of the noise oau be daduoad £ro.s it a width ami 
shape. This type of noise in raferrad to a a in ha rest noise. 

cissa the average noise uargie for that bit,, and sent a in a 
iu.f creation anon::, the IS I and the accuracy of the receiver b= 
dec la ion a are shale a .. 

Repeating tha above procedure for ethsr bits uithin. 
the a so ua.se a sill in genera 1 give different results because 
the 1SX depends on tha adjoining states, the aoiae component 
should be identical* these results can be used to build, up 
a h iatogr as; of average noisa nia.rg.le for each, transmitted 
stats. l.s th.ia ease tbsra are i:uo : one lor state : 0 < ., 

arcs 0, when no signal is added, to a or -y usee a lull 
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hoiaao aipaai is; aodea. Both olotribatioos are noroellsed 
to unit *rea so that they become probability donaity fayattioroo 
The araait.Oi. .:. ::y of a stats hooirp a pal a* aaorgin Vis is than 
PI (Pod or POP'vo for a 1 or D re spool: 1 ye iy (see Fiptaoeo 4(a), 

o ,K ^ o p — O o s * 0 la 

faros of the of foot of an isolated poise of that point. 
Thus v O x s ^ v 

40% of too aipnal, protocol by at ieolatad pa ise at: tba 
do citato a pel at: at: the satoaiinq tfoao ideally toooplfno 
should oae:uc at: tha iia;e corre:aeondi:ao to tho peak value, 
Ohio la lor toioaiouo noise iooaoootp. Phea the aoisc oargia 
in pooled P; taroa of tha peak sigaal proaoaao by ao isolated 
pulse at the deeiaioo poioi , phis la rot: the ssao: as tba 
ectasi peak at the decision not at: produced by trtsaootttiog 
a ce:;;p ao.t saopaanea, 121 causes the tadioisoal paisss t.o 
cov. o " ^ ^ - SN sa * a . \o,o to c\ax a> o^ c< - 
or v s n s v e 

lib}, Kd), 3 (so ( . The srror probability for the systems 
oar • •, s ^ * ,. •• x 

iaootloo (edit of the no:- so sponsors astplftuda at the 
deoiaioa poiot: la k.aov/a , This is Pa ;>) , 

CPtouolder state '0 ! < For sny pertieuiar utiles of 
noise asoapPo P.o the probability of aa error oeoarrioy ia the 

O N S N * t N 
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SSaas for all ixeroe;-. 

Fo - /POC^K |Pn(vK*od\ou 



For coopleto geniality the limits of integration 
should bo ~~ v y h l s shoulj , slao 1>e , ;he rs;K?e of 
; &orooeot. • for any practical syaioo hwavsr, the 
:robcb:U:Lty io Kro oheo onalterod pulsus are. toana- 

That is; 00 n/rry ... > o os ry - > o or v. 

For otaio My tho added noise riynal oinst be 
© to cause so;, error;- 

xhoa for oil one:-: ; - 



fa 



TO f iod. the total probability of errors in too voole 
aeoooooe nooltiply tho too ooyressiona for '10 and yy k v 
the raoyootivo probab.i3J.rioo? of tbooo siatoa in the 
ioittoo seyoeooo - P(l) and t?0; , 
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This gives the probability of *m or ace; being caused 
by a noise sooioe with pdf Fo (v) tor the given seoyaaoee. li 
the eegoence cicely receo.bles in its statistics the aoraasl 
transmitted sigsai over the trans;aissiea shantes > that, the 

is o \ s x o i s x ^ v r 

noise in the above expression is; the soxs; of too co-spoaents » 
Dee is the ovist present at the aa;;valiag' point even fit :; s 
perfect noise-free signal or a sent at the receiver ingot •• 

the O S O >• S N ^ S " x V V 

ee.temsi noise soorces to the reoedver input: signal* For 
any earticaiar reoesver ingot state oho pdf of the inhereaa 
roiee oan he sstiTsoieb fro;a the ;neasoraeie.ai of error rate 
versus variable poise height, For a linear syareo this 
noise w .1 .1 1 he independent of the state chosen, Far other 
o ^\ ^ v a- i v 

oanie far each state.. 

Fat. the error rate es a fnnotion of variable poise 
e o i s - ^ - \ o , o 
r: e , Then the enavaletive pef of the iobe ;:ee :: noise isr-- 

Qi;.P5 * FioiK} (Pig, 4{;p) •??,? 

nad the pdf of the inherent noiee is the derivative of thisn- 

P:lho « <:F(vvK)P:;v (Pig. 4 {a}; p) 

Thi S nisi rib at ion. ie scaled la teaass of the ! pear : 
sigaai at rise saa;piiss point.. To find the eonibtnsc effect 
of thn external and inherent arise sources the too respective 
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oaf is should fee convolved, 

S*Uv) - Pi (v> * PsKv} ' - (a) 

t*here ? * f (in this case only! sr.lgrdti.es convol- 
ution are Pe{v; is; the phi sst. the ssssoXing polot of th<s 
S «xt ferae lly Mdsa «ois« . This &Xso miet be scaled in texT*s 
of the s peak 5 signal, 

idov co-voider the case of a. PCM lino regenerator as 
used in the British Post Office's 2 *Q&%Mb/& digital line 
10 tytt:t;tt.. lie line signs! has three states *-il% 1 « t S;D; o 
hi 5 od.ih -:-y , -V are 0 volt, half width return to saro pulses, 
V is ?ico:tr:-:>liy 3 vol;:.:;; and the lite a XiO oh;:; twisted pair, 

\ i - - 

Po-ho is aistr:U>ution of noise oorgin fee 0 being detected as 41 

IS P;>(V! <; " " * « « 0 " " - ,V: 

oWv) " " " :: ; ~ el " >•. - p 

P-VIV] " Sl !! i: !: :: ~i '•■ >■ >• 0 

P-^ {V7 si Si " >f - fl. !< >~ » 

P--;d.V; " « * >' !! !; ,-i « <: 

20 ihsra are three transmit states and thoroiore one 

s v v o ^ \ o - . x. o\ - o\ o o 

gives the total of six noise s;argit distributions < lookls* 
at each possible error in torn; 



25 



0030? 20 

24 



^ ,ev.0yr;> 

::!...::.:; iLiilSt'i 



This; io sore ccr;piiortot becaoss irrgs noiss- 
& cause a -I to *X error rather ubar ?. ~x t:o 0 error, 

-il to -Kt errors - 



?(3/-) - / P--o(vtb. . /roCrK 



/■-2V 

Vi-/*) I ?r~:Voi . i ;>-.;v; 

J 0 / 



K0/-H - / Pr-oCVs; , 



as 

Oba lieritn for integration are again chosen for 
greet i raj. reasons* !bo be complete iy general the limits for 
integration over vis shoe la bo ~«„ as anplained oboo 
dinonnaing the simple binary cas« ne can limit the rente 
5 of Vrc . nil the !>xy ;%} should tend to raro as: the trarnmieted 
state approsehea either state a or y , The integration need 
therefore only bo done oner this range. 

The total error probability in the nun of the tlx 
irdioidral probabilities: > Bono oir;piif ioationa are goo sable, 
10 Tho f irst io to ignore and errors, For any reasonable 
error rate the probability of thaso error:;: In ineigoif leant 

- - - 0 , , - s 0 x 

arargin of abort 3V/2 compered ei i:b g/2 for o- , to, on o- 
errors- in. nr act tea noioe with a gsnselen not la nsoally 



ilur; i or bit) 

For en error probability of aboot 0.002 the standard 
deviation (a) of the noise should be g/e. When v ire roarer 
2D iron. 7/2 to 3V/2 tbo value for Prav) to trees o a by a faotor 
of a"* or 4 r 10^ , For the 3Mn/s line eg soon. bei.ng 
cotnai.doroo r to (or - to e) errors vflli oceor on overage 
every BieOoO yearn - 

Sett me nieA-g and t o snro nill have the 

IS of foot of innleding any of tbonc errors in P{0/-} and n { or;- ) , 
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O - , N ^ ^ x S \ S O 

S O O " ^ \ N ^ , \ 

v .;. i 1 past be wrongly sta:-e>i i lea . This sissnai Ication s^asns 
that j !: x a sot sesasssre to lessors F~e (epa and ?••— bP::P . 
S The expression for total error probability is then 

HO) [p«>/05 - Hh-/0)| - Psal;HpGp-} a P(-.PPpp-s-) (IS) 

- Ho) ha:>epps. s /Prhv; abaaaP; - p{ 0 ) / do- del, j Vn{v) alv.dPs 

4- Pi-1} |p-spPsp. ?Prao} aPodfe a- psap / P-oppp . |iypaPPKodpK 

(1?) 

Pup s ?i-p ; and Pi-} are prshahl litias e£ CP -I, -a; xa the 
trassouttsb sip so! , 

snathes sinp>lif iessioe, somes if it is assesses - a a ■■: 
15 b(-M) == Fl-'i; - a Ci) ■ dais is a necessary pro::«.:: v.y of sop 
lias sods aits no ds sceyxoesnt xn the s is s a S , psi s is v ra: 

N - ■> a^ N 

is Use xsapeaesstors oar; sot iraaosaa:. a a . 

hiss it is to be assosasl that tho pdf of the oco.se 
20 Pod vp is sp-stssttis abost a ssro sxeas (Pa b,p ~ PsLvp, it 
is oaaasxoabla that, in practice this -sight not be Pros * Pa- 
do sot, aoaeaes < wees a parties lar case bat -as eosenlxie 
average xa.<x boast ; o bo ^\ ssa^a 



a? 

Pe - PPPj fPo-K\a:a) * Po-C-PnP) . /L(v),av,d\^ 



- I OHO) (Po 



CIS) 

"{I) (Po- (VP) 4 P4-o(^n)}} „ |PeHvKc^cMs 



The b;;?ccxv:; integral in the double ir:C;egral;s above is 
, s s N s ^ N \ V o o - , , , e 0 ^ 

<Ps :: innP as;- 



r -tVi 



This is of cooras; on iy veisre the jxPf Pn • v) of the 
15 coiae is Gaussian. Pmiie this e;ay not be onivaxaai any 

tee is specified at:, preset nee Gaoasian noise > end It ie by 
fee the rsost ooe^on pef asee in peace ice. 

Taking the second integral and substituting for 



Ph (v) 



20 



t~X/v tO 

J P-e/o 



l//2e s 



it ate a^x/P: to : 



-tip/2 

X//2e | e <*!:. - P tVePPP 
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Vtaiues r: or I can be xenidny foxxnd either fros- 

O - N " g o\ N o n \ 

Thus the integral bscas-ss; 

?t « I (P(G) etc- tie; i- Fe-oogg } Pil; (r^!^ '^{^^S^vc;,^ 

In aoy practical a^asureauutt the Peg; (tag 
(x f y - + are. not: found as continuous functions but so 
histograms., In tee present case these arc stored in 100 

point arrays Pxa (n) n ~ 1,2,3 §1 ; log. After the 

meesure;nent :Pxy(n) contains the nurtber of tones the absolute 
value of nor a;:.- margin was found to ilo cog: aeon VMs-l } /lot and 
v*n/100 volts . The average noise .aery :. n regreaentab bv this 
3ocaiion la 7 i; a •• 1/2}/I0Co These arrays can then bo 

n^"\ , \ ; nnv; i no „ no: oi :o;a":,on , x -h- 

probability of the not no- margin tying within :: t:s Unite, 
the integra l can iter- be replaced by o nxroraO:. ion;~ 

lex:- 

hie) « r(P(0} (to- eg - |>;>eh-o) a 

t-"l FOJ O-oyO - P-odg 1; tO:vli/i:/]<r} - yog 

(24) 

iae lit; entree iva apparatus according to the present 
invention is :•: I • oer> i.n figure a era en car bo sect, therein is 
arranged to measure noise nsergies in a regenerator under teat, 
one regenerator is connected to receive an input iroa- a tabic 



as 

alrobtator 10 on a lias- IS via an input transformer 14 ho 
which, poear i?; si5.ppli.55d by a power feed IS , and to provide 
an output on a iins 16 via a transformer IS, 

Meant of the apparatus aeoorblng to toe prosoot 
S invention for providing a plurality of soaeences of oubeea 
la provided by e psoedo raacboo binary aaquanoa t>:RSS ) 
• generator 20 (obicb ;say be provided by a Hornet t-obsekard. 
Model fbbib data generator;, a sequeneo generator 21 of which 
proviaea sequences of pulses (for eaaevple 2 lv pulsar} ohich 

10 V •> " x a , N N 0 N 

cable. Toe output frees the bBBe ganorator 20 in leu to a 
blob bono: ftp bipolar (HOB) coder 22 oh red converts the 
input thereto to HOB 3 code (oborein the ruaririue. oraber of 
consecutive serous io three) - One coder 22 ban positive and 

15 negative outputs to a cosubined output atspliiier and onisa 
deleter 24, 37. 

Phe outpu;: aspli flea 24 provide a a first anohLiiler 
of tbe apparatus recording to the present invention,, vbrich 
or ov ires a aequenoe ot coded pulses as lbs output in response 

20 U . \o o n x o s 

Obo anparatua according to the present invention 
furrier: comprises a variabie pulse generator 2S ohicb iteoli 

" - s o- ^ sn lu 

eonneoi.ee so i.be output. 20 of tbe oosubinef output arsplifior 

2S 24 and pain a deleter 3?> The pels a doj.otor 3? yrovi.ee;;: 
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mrsns for fob ib.it. xng qeoarst ion oi a pulse frr palsae) m the 
v o - , > , o. ,s ^n r o a .e.d r, , ^ v ; ^ :o:o rcc- 

dascrired tor aubstttntioo by a pulse Cor pols>es) irons the 
v e r -dp : e pulse oarer a tar 26 . 

'the generator 26 itself eonsyriaes a dig it at- to- 
analog ;::0;ivsrtsr oortroiied by a ce^eapneer 30 for veryine ah 
brsra. o:as per are tea o £ the variable palse the voltage ; 

;;:o x ^ s i v O s O x 

vhic); is selected to correspond to a predicted rdr r^adorl a; 
ve p.; of two ed iaee.no states > 

The varroeie poise goo a rat or 26 and the pa lee 
deleter 31 are both initiated by a trigger oirco.it: <•! be 
res pan as to generation by a eabseqaenee year re lor 23 of the 
PROS car ers tor 20 of e predeterad ned snbaeqaecoe of the 
seqoenoe of praises to establish rdsr t i Ly in a oerepsrstor IS 
betrrean the sabseqneaea and sobsegasnoe portion of the 
seqoenas oi pulses. 

The inhibition or toe generation or a prelse fo the 
sequence oi poises is aobievec in response to ideatity 
to't son n ; a-'- - ---"a . n^v ,oa • o" s"\\' on o s \- s , % ^ or rr-- 
a oarer: re ; and ia tha aegoaaoo ohiea is yroeidee on the 
ooobiaea output line 31, the deleted pulse br> replaced by the 

a x - 

ye reran; a r of the poise oarioh is to be aoa irorad v the voltage 
level, for a a are I rr or the t lossy , caret lee , phasa, f recueao-- 
or eopiitucS:. car bo van: led , 
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As desir«d t the eeeneaaa of paiaea containing tba 
aaeaiable pulse can then ha fed to the cable simulator 10 Cor 
can bypa:;; a r:.ha e&ble saiaaalanor as indicated by the dotted 
lina 33 in bha avant that: the cable* e ban let at ia net raayaireb 
a lor eaax;;ole abac, a ass;;aoxy or storaaa deaiea la ander teat 

or the tr anna?, a a ion aa;diua ia free apace) .. With the aaqoenee 
tad tar cnah the simulator 10, the catpat sequaaae taerarror; 
la atteaaatea snahaa inter-aayaabol iaterfereaca {isi} added 
thereto in the eaa;e .aaaner aa nould a traastuaalen cable 

10 iteelf.. This ssquasce of aaleaa ia thea passed throaqh a 
raeaaarater annar teat vis a. first iaaneaoaaaar 14, and than 
via a seoead taaasioaaarr 18 ana a line. IS to a ocaa:.laed decs 
in cot anal if lor aad aloof.: re cava ay circuit }b;y. where a clock 
aiuaal la raoovarab ana the signal pronidad by the pnlee 

IS sequence ia aaayl if tea aad passed ca positive and negative 

oatpota to an HDE3 decoder 38. 1£ } of octree y tba reeeaet- 
a tar la one which la tans last ia a line, it ab.ll not have 
an oatpot br anef eraser ant a a lay la line oaipat inat aad, 

Power is: aaeplied bo the ran an or a tor and a a - beat free; 

20 a paoan: feed eooaeotad to centre bane of the aacaabary niadina 
aad pr binary tbauilag of the first aad eaoaab. area ef ataars .14 
aa d. IS re e pe o a 1 I y > 

The output of the HDB3 deeoder IB circuit, ia tba 
aisaeaoe of errors: be inantinsl ro the pattern paoaacea. by 

25 the PK8S yea orator 20 > The refereaae pattern a a ne rater 40 
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controlled by the ;:-K,put.«r 50 car he cosuand.ed to syrnthr unite 
x tee :: t to the output or or - the decoder 38, Xte output is thru 

s v v \ ^ oo of 

toe pattern on the lite 46 such that alter the coder 42 the 
two patterns are eyeehroniant and errors are detected by 

v , v. s v. - ^ „ o 

46, h trigger detector 48 connected to the net tern ge?ntesior 
40 prououee a trigger si:, substantially the ease position teith" 
i:o the reference sequence as the variable pulse position uitb- 
in the pattern on the out: nut 31, Ion t ird.ny re ouch as to 
e * n s *p N o- o -P cu;s : t t N "hu -to "o ■ u-'vum.^ t. s tev ~ luuu.c 
to their position v/tthiu the eequee.ee , that is whether they 

O \ N t x s o ^ s 

- s '• - Of 

eveehron i s at i on , 

To eouipsro two dDBi esooded sloes is requires tuo 
lines tor each sterol ; one for pout tire pulses one .tor 
negative, end therefore requires too error detectors or 
oonouur rtnrs . This us a he stood tiled v/iihent lose of 
aoouxueey by 'ORurng the two i. no s rue: eaoh ci ecu i together 

" -, s x N N N * IS 

vd ; y , . \ . : ^ \ os r s ^ ~ Pu ,u- \;\- ^ - ^ e 
deteoeor 44 and wtr the coder 42 has s single output, 

'Put sneoti tee /oleok reeouery 16, the decoder IS and 
toe reference out to nr. generator 40 could he provided by s 
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modified aeslatt- Packard 37S3P, error detector. Because 
this incorporates its own synchronisation logic, tha trigger 
detector 43 is: not required. Aces- as to intaraal circuit 
naeles is needed to obtain lire 43 and the output evasive lent 
S to that fsoa the generator 40. Theae with appropriate 
tiding do i ay a could then be connected to the coder 4a and 
the ds tear or 44, 

The aor-pates SO aad plotter 52 provide SJeasa for 
dataoaainiag which atata of a naslber of possible output at at as 
10 of the variable pulse is indicated by the ealae of the ant put 
at t:ha d at: act ox- 44, the plotter 52 prosidinc a visual raoord 
of tha socessalateb valaaa > aha value of aha varisfelo para- 
meter of the variable pulse can also be .asnsitored ., and differ- 
ence a between tha output dross the regenerator aad the r of ar- 
ia as ca a ear eras, accord lag to position la t;hee f can be ooavaarad 
to tha oat an?:, fsaaa the trigser dec actor 48, 

Pate ahich is acaaaaalat ad by the oosapwte.r SO as to . 
as natrons of the parameter of the v aria a 5. a pulse can ba 
latarpratad as daeastioas free a atsnaerd. to datersrtae proa -ra- 
ce ility a ; at rib as ions of the dossier iona , end tbs.a in.forsvat.los 
can be used !:o adjust the initial value Of the par sector, 

^ - s a e x V o ^ ' x v a" " N 

^ A - - a , ^ ^d , it x x b ^ x et N , \o,e 
ea;d a! 72251, Oraphica Piaster coupled to tha Desktop CosssAer 
15 Pv ^. aaaO.ett-Psahard Interface Baa HP- 1 £ (llEb 433-1213} - 
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Digital, radio ;.o another potential, application for 
ohis tecsraiaaa The aoat. censor; systena;. ere 2, 4 . or 0 phase 
Phase ahiib:. Keplag hhdhb modulation. Hare there are a atates 
in ™ 2, t 4 ; dd , each die tbaaaishsd by a uaiqas tranaPitaed 
carrier phase or phsaa shirt from ths ptaaioaa state (tor 
Differential PSP? , bitb a suitable phase naxialator end. 
appropriate d r x v rg; wavaforaa; aaaetly the ssrss treas-asat sa 
before sen load, to aieblar ass: hods dor predicting ere e r 
rata- The I: rar.erai etad carrier world be phase raadrdj. at aa 
c ^ c * \x \ v o\-o\:: - * a,,; Poo ^ !u ( - svo sa ,ox a 
rraaa:ait;:.aa carrier phase s„ One chosan atata oithra that 
aeaanaaee aoeld than he aodi ;h:ed by shirtinn lis phase fits;: 
in oae direetior- then is the other, Phi a will teat Id up 
hietoprees of noise margin as before, except: that, thesa 
would ha scaled la. tsrao; or degresa r ether than is vsl: te . 
Pach or the a atates will have too histograera associated 
with. t : one for trie aoise eoaagin to seed adjacent etata, 
P^ id did 

baa a ape rails is tha prograsi vbish aaa aace is t:aa 
Hsaala at- se.?::ka:::d 9821A Desktop palpates i:a csrryinp oat e. 
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1, „». iosrhod of aoaisoriny noise nsatcpins 
in a digital transmission system coayaris:hva; at Isast a 

^ s s ^ — — o b o o ^ v . x 

a pal so Us defined } of a. s so rifled state and st least: one 
a parameter of. added can be var loci , within a sayaenoe of 
poises, (b) varying a a. id at least one parseter of said 
polae until ssid'pulss when oarxea is so.sh that it car be 
dstecoea by a detector circoit of the svatesa be) aata-- 
bitshins that said detector circuit has detected aaid 
10 pa lav: whan varied, prior to any error correction thereof 
o o- - , ^ ,\ 

in that said saooenes of pa la a a is generated to he sob- 
stanttally representative of normal traffic alone a aires 
transmission pail: of the systoo, and ia that tbe method 

If farther coaannbsas ana stays of bp repeating a teas (a) ; 
(ad aac hp tor a plurality of said poises at dif f sreat 
positrons < each a sit a ha ay of the sacs state as said 
anise aad each in a respective: sequence, aad bry aecaaaa- 
— '■a; * 5 o \- t y too -a, s oaa of toad a: lane one 

30 v - s s - a s 

aaid pb.::;e of sale plurality of said pa is as to deterad.no 
tha probability disss iantioa of said deviatiaaa. 



to be abandoned 
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2, b osnthob s coord tog to clsis; 1 characterised in 

, ^tOU v ^ O v O \ s e o 

states and steps Ub to {&) are repeated for each of said 
n possible states, the variation of 'said, at least on a pars- 
mn:oor bring such as to a I. tov; a detected state to be any. one 
of said n possible states, see the method else corporis ino 
the atep of fort her claseiiping the parasatter variations 
according to the dot acted at ares end said each of arid a 
states art or to the aaooeuolating. atop. 

3. t an; are:; according to claia; 2 cbar ectariesd is 



4, A isethod aceor drag to any one of the preceding 
IS , . ^ ^ 0 NN - 

ccooa'isea prevising said sea ae ace of raises end inserting 
safe poire into seid sequence of poises ra place of a noise 
at: a pr eoetooarineo position io said seeaenee of P^han, 

?C; 5, a method according to els in 4 characterised in 

that raid seqaenee of polser is nxodooed by a first amplifier 
in response to input signale fa an- a psendo rondoo sequence 
cenerator, ana said anise is produced bp a aeeood aopi.lf.ieio 
the too anplifiors being controlled in a .corner such that 

2S ss id pulse replaces said pairs of sale a spare ce at raid 
preset srrbnsd position . 



to be abandoned 



6, A o;etbo\; according to e.xo; one of the ■ 
claims characterised is; that an xoitisi value of eeid at least 
one ear area tor is set: at a level selected to corre spend to a 
predicted pooh able detector threshold value between ee?o 



20 



i \ \ CO . v 0 ^ ^ 0 

a reference sequence of pulses an a:o output: frees a pseudo 
r&nta eeceence generator one sveohronouoiy co»arioo this 
reference seqoeece with the aeqoence in the systeso end 
s - - ^ ^ t* 



9. A ret hoc uncording to aey one of claim; 1 eo 
7 eh;eraoiar:Ueu in thai:, step (c) ecss-icrieeso for a coded 
eeqoenes ; erasnlnlog the oegcenoe ho the oyster te eetabiieh 
that the poison oiihie the sequence eouiojto tc the eode of 



sold ceded 



to be abSicIoned 
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s e N o <■ 3 

character iaed ia a hat said digital transmission syataa 
or storage device > 



5 11, Apparatus: for nee in aansanraing noiae siaxsixaa 

, x s \s s " ^ - . - ^ a at. 

least a reaeieaap tea apparatus comprising (a) sans (21; for 
praaaldiae a aegoapaa of poises (aa defiaad) ; (b) aaains (2?) 
for prnaioioa a variabla paXae to be ioaerted at a predet-- 
10 asaniaad po-a:ion la aald seqoanea of poisasr (a) ?ai?ana 

;;o : :aa for- aoalna the variable palse froa oae posit. too to 
o ,x - \ - s * w a\ . N - s N ^ ^ N for 

aarviap at laaaa aaa parameter of sain variable pal sea 
0 s s ^ ^ ^ \ ^ a o x v i x •> x 

IS of the eystoa to aaioh said segnenaa, laclaaiaa sax a variable 
poise, aaa aaeo fad; if) aaaa;s (50} far aetaraiaiag vhich 
atata of a aaabar of poaaibis ootpat abates of aald variable 
oolse fa iadioarad bp tba valae of said eatae- of aald 
dataatoaa and oharaotsrised fa. thai, said aeaaanoe of aolaas 
10 is safest artfully reaaaasnaativa of aoraai trafato to the 
aeaaivor, aad in boat (a) .aeaaa (40, 11} la provided far 
monitor lap lb- aa laa of said at laaat oae oaraaatar ahlle 
v \ , v " s N - t, t a o^ 

is preaidea for aecaaaiataiar aalaaa af daaiations of aaid at 
25 ^ - a ^ s , a x - v ^ e 



variable pulse of a plurality of said variable piihss to 
datersirno the probability distribution, of said da" is!: ions, 

12, Apparatus according to olaim 11 character J rod 
s --st: said sacans for providing said sagaaaae of pulses 

comprises a. first amplifier {24}. arras;.god to arovida said 
sausages of pulses as its oat pi; ;: in response to so least 
tros\ « pssnao rsadam sequence generator, 

1 1 - tppsastas according to daita la characterised 
in. that said nearn? for providing a a id var labia pulse 
comprises a second amplifier {27; whose output is coaanated 
to said ootpui of said first: amplifier, 

15 I 4 - .apparatus according to any one of claim: p; 

to 11 characterised is that aaaans (231 is provided for gaaer 
atiny a preset eriaiaed sseaegmnscn si said sequence sac said 
reaas for providing said variable poise la triggered by 
identity nervosa said suaeeaaence and a aobsogoeaon portion 

20 of said sequence. 



• 6 

IS x apparatus according to ciaijn 14 characterised 
in that Ksns {37; is provided for inhibiting generation of 
a pulse in said yeomen ex at aaid predetermined, position in 
response to tain identity between said oebseooence sad said 
S subsequence portion ot said sequences* 

lib .apparatus according to any one of claims 11 
to 14 character land, in teat eaid ho; ana (29) for varying 
said at leaei one parameter of said variable peine oo;aprises 
10 - - XN s o . " o o o s o o, ^ 



1? . dppsratao according to any one of claims 11 to 
It where. In said traesnoLtter of the system cooprises a H-egir- 
.15 - , v s ^ o , ^ , v 

to said output and said fire;:, and second amplifiers v 



18. hpparates according to claies 1? characterised 
in that said oeaaa for eoaubtorieg sale ealoa of said at least 
20 one paraoetar coopriaes a sequence generator (40) and. a 

- oHo - a. \ <• . - - oh- to 

said aeguence genets tor and aaid trigger de hector or sale 

s \ - N - N N N Ov V v o ^ 

detect lew occurring at constant.:!. ai ly the same posi tion, do 
25 said reference segnenee as occurs in the transmitted 
sequence . 



o , * ^ t~ 0030720 

toj>e abandoned 



13. )vppso:stos according to claiss IB chsraetorlsec 

oat pa a i:ror« said transmission ays-teai pgder test*. 

20, Apparatus according to elas:s« 11 characterised 
in a-:: a surras {44; ;. provided for cospuasing- said oatpat 
iron? said digits! ar anss;i scion, system under last with said' 
r ei a r e a ca a e pa a a c a - 

10 

21. Apparatus accord lag to claiss 10 character :.?:ac 
la thai sac ana (10} is provided lor classifying ait: fa recces 

l\ P -.a, cva^t -.a„ .a.a roi'orctcv rs;a:un.::e a uo chrg 

to position in cis>e aosupared to said ovtpat fros; said 

15 trigger doisator ai said moaitoriag anasns, 



2!.?, apparatus a roar a ira to any one of c I also: 11 
a ^ \ ^ \ t - ^ ^ s 

a a tares said receiver as a a transmitter which is capable 
20 et taaaasiittiaa a vanish:: 



21, Apparatus according to any oca of a Isaac 11 

21 N N ^ s.,, ; - ... t s ^ ^ - 

\ . s .a a a 
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red toting; error probability Irs s 
digital transmission xysters, the nssihoo c&^rxsing;- 
(ij determining probable noise margin 
b-ietribof ioa is the systere as rieoexaaszy , by carrying out 
.5 steps -{aj to fe) of . claims 1 and 2? 

i ii) for each state and tor each distribution. 

ranges of verses?- 

- - v " X N N O v v s * S V X \ , 

ID the error probability eon tribe;, ted to total error probability 
in the systse^ by ell ralsea vithi.s sseh rs.see; and! 

(be) seoiuien the e.r.?: or probabilities- for each 
range of valnes eiibin each eisieribstion tor each stats?.. 



15 
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